The human heart is vascularised by the Third coronary artery apart from the right and the left coronary arteries. The Third coronary artery, also called Supernumerary coronary artery takes origin from the anterior aortic sinus of the heart. It plays a significant role in collateral circulation of heart in conditions of chronic hypoxia.
INTRODUCTION
coronary artery is the conus artery .This branch may arise separately from the anterior aortic sinus in 36% of the individuals which is sometimes termed a 'Third coronary' artery (TCA). It ramifies anteriorly on the lowest part of pulmonary conus and upper part of right ventricle [1] . It is also referred to as supernumerary artery but the term Third coronary artery is more suitable to clearly differentiate it from the conus branch of right coronary artery [2 ] . It plays a significant role in collateral circulation of heart as it frequently anastomoses with anterior interventricular branch of left coronary artery [2, 3] . The extensive collateral circulation by the conus artery in patients with Coronary artery disease has been described in the literature [4,5,] .
Researchers have stressed the importance of visualizing conus artery in coronary angiograms [6, 7] . We undertook this study to delineate the different morphological patterns of the third coronary artery.
Aim:
To delineate different morphological patterns of the third coronary artery anatomy in adult human cadaveric hearts by dissection. The origin, course, branching of Third coronary artery were studied in detail.
MATERIALS AND METHODS
The study was carried out on 50 formalin fixed normal adult human hearts obtained from the Department of Anatomy, Rajarajeshwari Medical College and Hospital. Specimens with gross congenital anomalies were excluded from the study. Approval from the Institutional Ethics committee was taken for the study. The right coronary artery, left coronary artery and the third coronary artery were carefully dissected and observations noted. To visualize the ostium, the ascending aorta was transversely sectioned 1cm above the aortic leaflets and then the aorta was longitudinally sectioned along the posterior aortic sinus.
from a separate ostium in the anterior aortic sinus in 2 of the cases( Figure 2 ) and in both the cases, the orifice was located to the left of the orifice of the right coronary artery.
The third coronary artery, after taking origin from the Anterior aortic sinus, passed downwards and to the left through the subepicardial adipose tissue of the coronary sulcus for a short distance. After leaving the coronary sulcus , it ran on the anterior wall of the right ventricle to reach the pulmonary conus. It often ended by dividing into an upper branch and a lower longer branch.
The upper branch is smaller and shorter; ended by supplying the pulmonary infundibulum in most of the cases (Figure 3 ). The extent of the lower branch was found to be variable. In 5 of the specimens the lower branch extended till the Infundibulum, in 7 of the cases it extended till the anterior wall of the right ventricle( Figure  4 ) and in 3 cases it reached the inferior border of the right ventricle.
The third coronary artery started as a branch of small caliber in most of the cases. However, during our study we came across a third coronary artery of large caliber. In this case, the upper smaller branch supplied the pulmonary conus .The lower larger branch descended on the sternocostal surface of the heart directed towards the apex and divided into 3 branches which reached the inferior border of the heart ( Figure 5 ).
In 1 specimen, two third coronary arteries and the right coronary artery took origin from a common ostium in the Anterior aortic sinus (Figure 6 ).
We also observed that the third coronary artery passed under myocardial bridges in 2 cases ( Figure 7 ).
The observations of our study are summarized in Table no. 1.
RESULTS
The third coronary artery was observed in 15 (30%) out of 50 of the specimens. In 13 of the cases, the third coronary artery and the right coronary artery were found to be arising from a common ostium in the anterior aortic sinus (Figure 1 ). The third coronary artery took origin Origin from a common ostium in the AAS
(26%)
Origin from a separate ostium in the AAS 2 (4%)
Till the Infundibulum of right ventricle 5 (10%)
Till the upper part of the anterior wall of right ventricle 7 (14%)
Till the inferior border of right ventricle 3 (6%)
Myocardial bridge along the course of the TCA 2 (4%)
2 TCAs from a common ostium in AAS 1 (2%)
The third coronary artery extending Fig. 1 : Origin of the Third coronary artery and Right coronary artery from a common ostium.
Fig. 2:
Origin of third coronary artery from an independent ostium in the anterior aortic sinus. a similar left coronary branch from the left anterior descending artery to form the annulus of Vieussens, which is a tenuous anastomotic circle around right ventricular outflow tract [1] .
Coronary vessel development is an example of vasculogenesis followed by angiogenesis [8] .
According to the literature, major coronary arteries could be seen in the aortic wall prior to the emergence of coronary ostia , thus suggesting an ingrowth rather than outgrowth of these vessels [9] .
Anastomosis between right and left coronary arteries are abundant during fetal life, but are much reduced by the end of first year of life. Anastomoses providing collateral circulation may become prominent in conditions of hypoxia and coronary artery disease. Anastomoses seem to be more effective in slowly progressive pathological conditions [1] .
Anatomy of the TCA has been studied with different methods such as classical dissection,
DISCUSSION
The first branch of the right coronary artery is the conus artery .This branch may arise separately from the anterior aortic sinus in 36% of the individuals which is sometimes termed a 'third coronary' artery. It ramifies anteriorly on the lowest part of pulmonary conus and upper part of right ventricle. It may anastomose with Jyothi Lakshmi G.L., Vineesh V , Dini Mathew. THIRD CORONARY ARTERY: A CADAVERIC STUDY.
Coronary CT angiograms studies, Ostium recanalisation with polyester synthetic resin [10] [11] [12] [13] [14] .
The frequency of the Third Coronary artery in various studies is compared in the Table 2 below. 
Present study 30
The frequency of the third coronary artery noted in our study is comparable to the values noted in the previous studies oncadavers [2, 3, 11, 12, 14] . Wide variation in the frequency of the TCA observed in previous studies may be attributed to racial differences and age [3] . Different methodologies used for the study may also contribute to the observed variations as unless specifically looked for, coronary angiograms frequently fail to visualize the third coronary artery.
The origin of TCA is also highly variable as observed in the Table 3 below. sinus disappear [17] . Endothelial strands from which RCA and TCA arise may approach the anterior aortic sinus separately and then fuse with it which may explain the independent origin of the TCA from AAS.
We observed TCA bifurcating to supply the pulmonary infundibulum and upper part of the anterior wall of the right ventricle in most of the cases. However, in 6% of the cases, the TCA branched extensively to supply the pulmonary infundibulum, anterior wall of the right ventricle till the inferior border and the apex. Some of the branches reaching the inferior border passed under myocardial bridges. The area of supply of TCA also includes interventricular septum and conducting system, according to some authors [3, 10, 18] . Hence, TCA should always be taken into account in the management of arrythmias and myocardial ischemia. Dhobale et al observed double TCA in 4% of the specimens [10] . Lujinovic et al also observed double TCAs in 4% of the specimens under study while one specimen(2%) in our study had 2 TCAs [2] . Hearts with 2 third coronary arteries may have larger area of supply and hence may contribute to a more efficient collateral circulation.
TCA larger than RCA was observed in 1 specimen in our study. Such large TCAs were seen in 8 hearts out of 150 hearts by Dhobale et al [10] . According to Olabu et al, large third coronary artery running epicardially may pose a surgical hazard during cardiac surgeries [3] .
Dhobale et al observed myocardial bridges in 1 specimen (0.66%) while Olabu et al noted myocardial bridges in 3 cases(2%) [3, 10] . We observed the myocardial bridges in 2 specimens[4%] while in rest of the specimens the TCA ran epicardially.
Significant increase in collateral communications are seen in slowly evolving coronary obstruction of a single vessel [19] .The degree of collateral circulation determines the prognosis of patients with advanced Coronary Artery Disease [7] . Harit Desai et al described a case where a large conus artery supplied extensive collaterals to the left and right coronary territories in the presence of advanced CAD which allowed them to carry out percutaneous intervention [5] .
The illustrations seen in the texts are the frequently noted arterial pathways but the course, branching pattern of the coronary arteries exhibit wide variations [16] . The proximal coronary artery develops from the endothelial ingrowth of the peritruncal ring of the coronary vasculature. The endothelial strands from the peritruncal ring that penetrate the facing sinuses fuse whereas the endothelial strands growing towards the noncoronary Similarly, well developed collateral circulation through TCA may allow diagnostic and therapeutic interventions in CAD patients.
The small sample size and the lack of clinical correlation are the limitations of this study. This study done on a large sample with clinical correlation may throw light on the following issues. Does the anastomotic potential of the third coronary artery vary with its caliber and origin? What is the contribution of the TCA for collateral circulation in varying degrees of coronary stenosis?
CONCLUSION
The frequency of third coronary artery observed in our study is 30 %. Although TCA frequently bifurcated to supply the pulmonary infundibulum and anterior wall of the right ventricle, it also reached the inferior border supplying the apex in 6% of the cases. The area of perfusion of the Third coronary artery is variable and may be more extensive than usual in some individuals. Well developed collateral circulation through TCA may allow diagnostic and therapeutic interventions in patients with coronary artery disease. The variant anatomy and the significant contribution of TCA to coronary perfusion necessitates the selective visualization and functional assessment of TCA in patients with coronary artery disease.
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